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!’m not sure, but I suspect that if I carried out a survey
into the most hated topic in A-level biology, photo-
synthesis would be a clear winner. Why is this? Well,
photosynthesis is a complex process. It is quite abstract
and it isn’t easy to get your head around it. In addition,
your teachers will have taught it to you in a logical
progression, giving you the full amount of detail you are
required to know for your specification — and quite
properly too! Your textbooks will undoubtedly take the
same approach. So how do you go about learning
photosynthesis?

Young people have excellent memories and many
students will sit down and try to memorise all the facts
to do with photosynthesis. If you work at it for long
enough, you will probably be quite successful — it might
not be enjoyable, but if you persevere it is likely that you
will be able to reproduce, with a degree of accuracy,
your notes on photosynthesis. It might have been a
pain, but it is possible to commit photosynthesis to
memory. Once their notes are memorised, students feel
the warm glow of satisfaction associated with the
successful completion of a task.

But there are two problems associated with this
learning approach. The first is that in the stress of an
examination, memory tends to go awry — you can't
quite remember the detail and content that was in your
head the night before. The second problem is that you
are unlikely to be asked to regurgitate photosynthesis in
all its splendid detail. The examiners are far more likely
1o give you a question that requires you to interpret
some data. You will be required to use your knowledge
to explain something.

What is far more productive is to try to understand
photosynthesis. And understanding might actually
involve not knowing everything there is to know on the
topic. This might sound contradictory, but there is a
great deal of difference between the candidate who
merely knows everything on a topic and the candidate
who knows less but actually understands the main
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hated topic?

features of the topic. Who do you think will get
the better grade at A-level? Believe me, it is the
latter. Under examination conditions it is
always easy to tell the difference between the
two. Those relying solely on memory are likely
to make mistakes, to make contradictory state-
ments and to show they have not grasped the
essentials of the topic. Candidates who have
genuinely understood the topic are able to
manipulate their knowledge and apply it
correctly to the questions posed by the exam-
iners. They might not know all the detail but
they have grasped the essence of the process.

B

O
! O
| O
B

Notebook contains a
miscellaneous
collection of items all
designed to aid your
study of biology.
Whether dealing with
creatures or concepts,
evolution or exams,
notebook will help,
inform and remind you
of things that you
should find useful.

Please don’t think I am telling you not to bother
learning much, because this is far from the case. Under-
standing cannot take place in the absence of knowl-
edge. What I am suggesting is that you should set about
the learning process in a structured way, so that it helps
your understanding, as opposed to learning everything
all at once so that you are just confused and bogged
down in the detail.

Once you have your full notes on photosynthesis in
front of you, have a quick look through — and then
ignore them for the moment. Imagine that someone
with no specialist knowledge of biology asks you the
question, ‘What is photo-
synthesis?” How would
you answer?

You would need to
give a clear and simple
explanation. ‘Photosyn-
thesis is the process by
which plants make food.”
Imagine the follow-up
questions. ‘What sort of
food?” ‘How do they do
it?” ‘When do they do it?

Raw materials

Plant foods

Extra detail:

CO;, Hy0, nitrates

Glucose, amino acids

® Photosynthesis takes place in leaves
® Chloroplasts carry out photosynthesis

Using energy
from sunlight

What you will have to
provide is an overview.
Visualise it something like
Figure 1.

® Chlorophyll is the light-absorbing pigment
® Glucose is converted to starch
® Amino acids are used to make proteins

Figure 1 Photosynthesis: plants make food.




[image: image2.jpg]Moving from left to right across the diagram, more
information is added. You can add as much or as little
extra detail as you feel comfortable with. Add only what
you understand, and as soon as you start becoming
confused, stop adding. Then learn this short section
thoroughly.

So, photosynthesis is all about making complex food
molecules. Let’s look at this process in more detail. To
begin with I shall only consider how glucose is made.

Making food molecules

Glucose contains only carbon, hydrogen and oxygen
atoms. It is made in the chloroplasts using carbon
dioxide (from the air via the stomata) and water (from
the roots via the xylem). The process whereby carbon
dioxide is made into glucose is known as the light-
independent reaction, because sunlight plays no part in
this process. For the carbon dioxide to pass into the
metabolic pathway it has to be combined with ribulose
bisphosphate (RuBP), often called the carbon acceptor.
This reaction results in the production of two molecules
of glycerate-3-phosphate (GP), which is then converted
into glucose. The first thing to do is to make a simple

overview of the process (see Figure 2).
CO,
2 x Glycerate-3-phosphate —» —» —> Glucose
Ribulose TShn
bisphosphate & Coloured transmission electron micrograph of a chloroplast
Figure 2 Overview of the light-independent reaction: making glucose. in a plant cell. x11000

This is straightforward memory work, and if you can’t
€0, (1C) learn this then you probably shouldn’t be studying
biology at present! But if you add a little more detail to
[6C]—> 2 x Glycerate-3-phosphate —» —» —> Glucose (6C) the scheme, then things should become clearer. Having
2%3€ identified this short section you are now in a position to
Ribulose start building it back up again.
bisphosphate (5C)
Building it back up again
Figure 3 shows the added detail of the number of carbon
atoms in each compound. This should show you that

Figure 3 Overview of the light-independent reaction in more detail.

€05 when one molecule of the five-carbon ribulose bisphos-
phate reacts with one molecule of carbon dioxide, it
2x Glycerate-3-phosphate —» —> —> Glucose produces a highly unstable six-carbon molecule (shown
Ribulose / ATP + in square brackets), which immediately breaks down
bisphosphate ;Ziléizd el into two molecules of the three-carbon glycerate-3-
phosphate. The glycerate-3-phosphate is then converted
to glucose.
Regeneration of the carbon acceptor There is nothing in this overview that is incorrect but
it doesn’t tell the whole story. If you have coped with
Extra detail: learning and understanding this far, then it is safe to take
® ATP is a source of chemical energy the next step and get a better view of the light-inde-
® ATP drives the reactions producing glucose pendent reaction. There are only two additional facts
° Redu_ced l_\lADP is a source qf reducing power ek
@ The light-independent reaction regenerates the C acceptor as .
well as producing glucose e Not all the glycerate-3-phosphate produced is
® Glucose is stored as starch — an energy source that avoids converted to glucose. Most of it (about 80%) is used to
the osmotic effects of high glucose concentrations regenerate the carbon acceptor.

® The light-independent reaction can also be used to produce

1 2 4 e ATP and reduced NADP are needed to convert glyc-
amino acids — using nitrates as well as CO; and H,0

erate-3-phosphate to glucose.
oy ' Add these facts to the scheme and you have

Figure 4 The light-independent reaction. . 4

igure e light-independent reaction. completed the light-independent reaction (see Figure 4).
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[image: image3.jpg]As before, you can add as much extra detail as you can
cope with. You should now have an understanding of
how plants convert simple raw materials into the complex
molecules they require. The final modification you might
choose to make to Figure 4 is to add two more arrows
showing that glucose is converted to starch and also to
other complex molecules needed by the plant:

Sucrose and starch

Glucose

Other complex molecules
® Proteins

® Fats

® DNA and RNA

If you have been following with a critical mind, you
should suspect that the phrase on the diagram ‘ATP +
reduced NADP needed’ glosses over a multitude of sins.
Both ATP and reduced NADP are unstable molecules
and cannot be stored. When the plant is photosynthe-
sising actively, it will require a steady supply of both
these substances. This is what the light-dependent reac-
tion does. You will already know from what you have
been taught that photosynthesis is a two-stage process
consisting of:
® a light-dependent reaction
® a light-independent reaction

They are nearly always introduced and taught in this
order, but I have chosen to cover the light-independent
reaction first. The reason for this is that photosynthesis
is about the production of complex molecules and this
is exactly what the light-independent reaction does.
Let’s now consider how we get to this point.

The light-dependent reaction

The light-dependent reaction also occurs in the chloro-
plasts and produces the ATP and reduced NADP needed

Sunlight Sunlight
1 1 Light energy
Leaf — Chlorophyll
green pigment in chloroplasts
l l Chemical energy
Energy to ATP +
make glucose reduced NADP
Extra detail:
® The chlorophyll absorbs the light energy from
the sun

® The chlorophyll transforms the light energy into
chemical energy

® The chemical energy can be used by the plant
to make glucose

® The chemical energy is in the molecules ATP
and reduced NADP

® Oxygen is produced as a waste product

Figure 5 Overview of the light-dependent reaction.
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Sunlight

Energy
absorbed

—

e e
Energy
released

}

ADP —> ATP
NADP —> Reduced NADP

Excited

Chlorophyll chlorophyll

Extra detail:

® The energy released is used to split water

® Splitting water produces oxygen

® Splitting water also produces hydrogen ions (H*) and electrons (e7)
® The H" and e™ are used to make reduced NADP

® Reduced NADP provides the hydrogen necessary to make glucose

Figure 6 The light-dependent reaction in more detail.

to convert glycerate-3-phosphate to glucose. Let’s look
at the light-dependent reaction, break it down to the
bare essentials, and then build up a sensible picture of
what is going on.

Making your overview

Again, imagine you are being questioned about the
light-dependent reaction by a non-biologist. Think of
your explanation. ‘It only occurs in sunlight.” ‘The green
pigment in leaves captures the energy of the sun.” ‘The
sun’s energy can then be used to make glucose’...and
get it down as a diagram (see Figure 5).

Building back the detail
When chlorophyll absorbs light energy, the energy
excites electrons in the molecule — the electrons are
raised to a higher than normal energy level. The elec-
trons are not stable in their excited positions and they
quickly return to their original positions, emitting
the energy as they do so. This energy is not
wasted — it is captured by enzyme systems in
the chloroplast membranes and used (you
guessed it!) to make ATP and reduced NADP
(see Figure 6).

There is now only one further detail that
needs to be added to meet the requirements of
the A-level specifications — the explanation of
how reduced NADP is produced. Some of the energy
released as the excited chlorophyll returns to its original
state is used to split water molecules (the rest is used to
make ATP). The energy splits a water molecule into
two highly unstable and reactive fragments:

H,0 —> 2H+ 0

This splitting is known as photolysis. Two of the
O fragments quickly react together to form
gaseous oxygen — the oxygen that is given off
by photosynthesis. So the reaction is more
correctly written as:

2H,0 —> 4H + 0,

The hydrogen fragments, made up of H* and an asso-
ciated electron, are immediately used to make reduced
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[image: image4.jpg]NADP. Reduced NADP provides the reducing powerto | he final picture

convert glycerate-3-phosphate to glucose, that is to  Now you should have in your head a picture of the
say, it is a source of the hydrogen atoms found in  whole process of photosynthesis and how the different
glucose. bits fit together. And you should know and understand

Figure 7 Overview of photosynthesis.

Sunlight
Light
energy
Chiorophyll SR ed
PV« chiorophyll
Chemical energy
ATP
Reduced NADP
co, Starch
>—> 2 x Glycerate-3-phosphate —» —> —> Glucose
Ribulose
bisphosphate Other
complex
molecules
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the detail of the various stages (see Figure 7).
The reactions of the light-dependent reaction
are shown above the dashed line in Figure 7
and those of the light-independent reaction
are below.

This approach to learning a difficult topic is
not restricted to photosynthesis. Try it on some
other subjects you find difficult. Starting with
a simple overview, something you know to be
correct and shorn of all detail, is an excellent
strategy for learning. Then gradually add layers
of detail, stopping when you get confused.
Learn the material you have produced and you
may find that when you come back to the
topic, your understanding will allow you to
cope with more detail. Producing flow
diagrams is a key part of getting to grips with
your most hated topics in biology.
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